Abstract-This paper aims to present how to improve power generation capacity in the State of Kuwait through simulation analysis for maximizing the usage of renewable energy applications. Power demand in Kuwait increases every year by 6% that causes load-shedding problems in the national utility grid system. An effective solution is proposed in this paper to enhance the power demand shortage which leads to reduce the effects of load demands excesses, by employing some solutions in the field of solar energy system. The on-grid solar energy system to be spread on roof of buildings connected to utility grid in Kuwait is a fantastic solution for backing up the increasing power demand. In this paper, the research work is directed towards the study of new approach by adopting power generation system based on PV on-grid systems installed on rooftops of commercial and residential buildings. The system performance analysis is carried out by choosing Mono crystalline PV modules using PSIM software simulation. This simulation covers the analysis of power generated by the PV system as an input passing through a selected maximum power point tracker (MPPT) to achieve the maximum energy output. A control algorithm for power regulation has been developed with maximum power generation of enhanced AC power grid with power factor close to unity. A reliable tracker for the power output was shown by the simulation results generated by the model.
INTRODUCTION
Renewable energy sources of solar, wind, ocean waves energy offer alternatives to conventional fossil fuel and crude oil based electricity generation. Solar stands next to wind as one of the most prominent recent choices in renewable energy, which has been becoming the most feasible option due to affordable solar energy system products. The sun's radiation on the earth reaches to the aimed surface about 1kwatt/square meter on a clear day. The main points raised in supporting of using solar electric power are summarized as in [1] as consisting of:
A. Clean: no harmful emissions are produced as a Carbon free source.
B. Abundant: Low-carbon, clean, green and renewable energy is gained from PV panels which can be used as an electric supply for homes or buildings.
C. Dependable:
The costs of power system based on solar energy potentially remain fixed while conventional power generation depends on fossil fuels, which remain increasing over the years. The solar power is proven as a highly reliable; it has a lifetime of about 20 to 25 years, and it may last until 30 to 40 years of age or longer. Besides it does not suffer from issues of price instability related to fuel prices fluctuations.
D. Distributed: most of the places, solar energy is available, particularly in rural areas and at remote locations which is the best alternative source of electric energy while its cost is coming down substantially.
E. Sustainable Indefinitely, the solar power technology proves to be the alternative to provide electricity for our world [2] .
II. SOLAR RADIATION IN KUWAIT
In Kuwait solar power occurs in the months of April-to-October, the months when power is needed the most as shown in Figure 1 . The Ministry of Energy and Water (MEW), currently relying on seven power plants has been investing in more run by oil and natural gas as shown in Figure 2 . The huge demand for power consumption is most from residential followed by government and industry as shown in Figure 3 . The peak demand in the AprilOctober months needs be met rom alternative sources.
The hours of sunshine per day in Kuwait, are quite abundant and receive huge sum of solar radiations particularly in the summer period. Monthly Averaged Solar Radiation on horizontal surfaces is shown in Figure1 where the annual peak is in the band between April and October. 
III. ELECTRICITY CONSUMPTION IN KUWAIT
One of the largest populations per capita in electricity consumption in the world is the State of Kuwait. Due to the current under pricing policy, the power sector in Kuwait is not commercially viable, and needs to take action to meet the increased energy demand. The Ministry of Electricity and Water (MEW) has to meet the growing demand for electricity by constructing new power generating plants that require high investments. MEW is vertically integrated utility and has seven power plants which use heavy oil and natural gas. The power sector has been able to suit the highly-increased growth in electricity utilization, easily by addition of new generation capacity [3] .
Kuwait state has a hot and long summer period of seven months that extends from April to October with temperatures soaring some days up to over 50° C. Proving the required Cooling system for all types of buildings is therefore essential, and as a result, cooling system of buildings is the largest electricity consumption which accounts for nearly 70% of nation's peak power requirement and over 50% of annual energy spending. Residential buildings are the major electricity consumers and it is responsible for 42.3% of the total electrical energy consumption [4] .
IV. ELECTRICITY CONSUMPTION AND PRODUCTION IN KUWAIT
In Kuwait the total installed capacity of MEW power plants was 15719 MW in the year 2014 as shown in figure 2 where the peak demand had increased from 8900 MW in 2006 to 15719 MW in 2014, with an average increasing rate of approximately 6% in a year [4] .
Thus, there are a great challenges MEW is facing; first satisfying all requirements of large investments for constructing new electrical power plants, and second taking the necessary vital actions for rational use of energy and decreasing the electricity demand rate. Nowadays, In Kuwait the problem of power shortage, and even load shedding is appeared due to the permanent growing demand and the excessive losses of electrical energy. Several local studies and researches focus and give high priority on the potential electrical energy efficiency improvements and reducing the on-peak times. In Kuwait, the only utility responsible for producing electricity, transmission lines and distribution sections is the MEW. To solve these problems, it has to meet the permanent increasing demand for electrical energy by constructing a plenty of new power stations which produce electricity and require high investments [5] .
VI. PHOTOVOLTAIC MODULE
The term photovoltaic means a direct conversion of the sun's radiation energy to a flow of electrons (DC electricity). All electricity generators are ranged from MW range used for tiny applications to megawatt range used for a lot of applications.
Every individual PV cell produces electrical power between 1 and 2 watts, for increasing the power of PV cells, they can be connected together to form larger units called modules. And also modules can be connected together to form Larger units called a PV array, and these can be connected together to produce more electrical power. In this way, a PV system can be built in several forms to suite any power requirement whether the demand is high or low electrical power [6] .
Main concepts of the PV system are: A. Photovoltaic modules that are organized to form a power-producing unit. B. Layer of glass that are put above the organized units and their electrical connections C. Layer of plastic and metal that are put under the organized units and their electrical connections. So the photovoltaic modules are sandwiched between a top layer and lower layer and this package is called a panel or module [7] .
VII. CRYSTALLINE SILICON CELL
In this paper, the mono-crystalline photovoltaic PV panels have been chosen instead of other PV technologies, due to these reasons.
A. Highest efficiency, more than 15%. B. Suitable for roof-top applications, because it generates more power from less area in comparison with the other photovoltaic technologies. C. Stability against temperature variations. D. High temperature coefficient. Table 2 summarizes the efficiency of different types of PV module technologies [6] . 
VIII. MODELLING PHOTOVOLTAIC MODULE
A photovoltaic cell is represented by a circuit equivalent model that consists of two components:
-Ideal current source.
-Ideal diode.
-They are connected together in parallel form as shown in the Figure 4 [7] . The irradiance is in a direct proportion with the generated solar cell current, so the higher the irradiance, the higher the current as the effect of irradiance on voltage is minimal [8] :
Where: Isc: short circuit current. G: the actual radiation. Go: standard radiation value (1000 W/m 2 ). Figure 5 shows the relation between the power and volt with the effect of variably temperature degrees on PV panel simulation respectively at constant radiation using PVSYST software PV module. Figure5 . PV module (P-V) curve with variation of temperature Figure 6 shows the effect of variably temperature degrees on the (P-V) at PV panel respectively at constant temperature. 
IX. SIZING OF PV SYSTEM
A mono-crystalline module-based PV solar system with MPPT control is elaborated here in Figure 7 
X. CIRCUIT PARAMETERS AND SIMULATION CONSTANTS
PV array is made from PV panels connected in series or parallel for matching various load requirements. The output voltage, VPV, corresponds to Pmax for the said PV array. The output voltage is conditioned to different voltage levels using buck or boost converters. This is done to achieve maximum power output from the array As was mentioned, the PV array is consisting of a group of PV panels connected together in series and parallel forms to match the variable application requirements of electrical power. The output voltage produced by PV array called VPV, which is in a direct proportion with the current at normal operation circuit. The operating voltage is set to the required values, which corresponds to Pmax for the PV array.
The buck converter is used as a DC-DC converter and considered as the most advantageous in this application due to its high efficiency, low cost and simple.
The main function of the buck converter is:
A. Regulate the output voltage to match the different requirements.
B. Achieve the maximum power output (Pmax) required from the PV array [7] .
The operating point voltage should be controlled continuously as a function of the solar radiation and temperature to achieve maximum available power (Pmax) from the PV array as shown in Figure8.
The PV array produces a DC output voltage and this DC power will be converted to AC power for feeding the grid tied or directly to the load. This conversion is carried out by PWM-based inverter from DC power to AC power at a desired voltage and frequency. 
XI. MAXIMUM POWER POINT TRACKER (MPPT)
To maximize the PV system power, there are many techniques of Maximizing the Power Point Tracking (MPPT) which can be used, generally MPPT is achieved by feeding each of the voltage (VPV) and the current (IPV) of the PV array to the MPPT control circuit. Some other techniques of MPPT can be used such as voltage and current based MPPT, perturbation and observation (P & O) [9] [10] [11] .
XII. SIMULATION RESULTS AND DISCUSSION
Using the PSIM software simulator while building the PV array, some considerations are needed to take into account which are the changes in radiation (800W/m², 1000W/m²) and an ambient temperature (25ºC) accordingly. When starting the system, it is clearly illustrated the efficient of MPPT tracking of the output power which is shown in Figure 11 . The efficient response of the MPPT output power to the different radiation condition variations is shown in Figure 10 [A]. The proposed MPPT is efficiently able to achieve the maximum power (Pmax). The PWM inverter output signals should be synchronized with the grid requirement (frequency, voltage, phase sequence and power factor) [12] .
The MPPT response on the irradiation variation is shown in figure 10 [B] which clearly illustrates the output power efficiency according to the different radiation conditions. The proposed MPPT is efficiently able to achieve the maximum power (Pmax) which proves that the controller system is able to extract the maximum power (Pmax) corresponding to the irradiation conditions. Figure 9 (A, B) shows the transient response of the overall system, which is affected by the inverter behavior. Figure 9 (C) shows the generated power that follows the variation of the output voltage and current with time.
The power inverter is activated accordingly by applying PWM signals to the gates of the power IGBT transistors which are generated by the electronic control circuit.
The complete stages for simulating the system was shown in figure7 which includes the addition of the single-phase bridge inverter resulting in generating 240Vrms output voltage at a frequency of 50 Hz Figure 12 . Simulated voltage and current waveforms on inverter side From the simulated grid side output waveforms of the inverter, it is obvious that the voltage and current are in phase and pure sinusoidal and in phase with the grid voltage.
Figure12 A shows the output voltage waveform and current at the starting instant of the PV system switching on leading to the steady state of current after 5 seconds. Fig.12 B shows the relationship between of the grid voltage and current waveforms and how they are in phase and eventually generates a unity power factor to the grid. Finally, this system generates power continuously along the day which will back up the utility grid power shortage at the peak demand periods.
XIII. CONCLUSION
A case-study of PV on-grid systems spread on rooftops of villas and resident buildings based system is presented. PSIM simulation software is used with features of Kuwait solar potential environment when PV-based power generating systems may reach 10kW on an area of 75m 2 . Using monocrystalline solar panels, Pmax up to 1000kW may be obtained, getting stabilized in ver a period of 0.5 seconds. The results show great potential of solar for use initially by PV on-grid systems spread on rooftops of villas systems of Kuwait, elevating a sizeable portion of the fossil-field based generation by MEW. The case-study system is embedded with power factor correcting feature, the results of Figure 13 show the inverter output with almost unity power factor Nowadays, fossil energy sources face many problems so a lot of nations turned to using the green power generation. While the problem of energy shortages appeared in many countries particularly in Kuwait, so the most suitable solution is to employ the PV power system. In this study and according to the simulation results it has proven that there is a great ability of constructing a high power PV systems reach to 10 KW on an area not exceeds (75 m²), which makes PV systems suitable for the building rooftops. The PSIM simulator for showed the effectiveness of MPPT controller for increasing the efficiency of the PV system and improving its output power energy from the PV array. This study aims to allow renewable and green resources to penetrate more into the existing energy resources and demand side management and may possibly leads to a new paradigm for distribution system operation via optimal economic dispatch in a typical microgrid.
